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COMPABISON OF 60 OF M E . D E LA RUE'S AG. CL. CELLS.

1 Cell through Galvanometer direct = 346730 divisions.
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The CHAIRMAN : I have a few remarks to make on this subject,
which I will read.

The letter which has just been read was written at my request
by Dr. Muirhead, who had desired to call attention to the great
uniformity of the electromotive force of the sixty cells of Dr.
Warren De La Rue's chloride of silver battery, which he had tested
at that gentleman's suggestion. Dr. Muirhead has been compelled
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to go abroad, and has unfortunately not had time to complete his
paper on the subject, and I will therefore supplement it by a few
remarks.

These cells, as Dr. Muirhead has
stated, are composed of fused chlo-
ride of silver, or " horn silver " as it
is called, for the negative element.
The chloride is cast into cylinders
about one-third of an inch diameter
and 2£ inches long, with a length of
flattened silver wire fused into the
centre throughout their length—their
weight is about 200 grains. The
cell is of glass, one inch in diameter
and 5£ inches high, and the wire
passes by the side of the cork or
stopper, and reaches to the bottom
of the cell. The rod of chloride is
protected from contact with the zinc
element by a sleeve or tube of parch-
ment paper, sewed with thread, which
surrounds it, but it is very essential
that even this paper should not touch
the zinc element, which is simply a
small rod of zinc passing through the
stopper, and reaching to the bottom of the cell. The stopper is
made of paraffine wax. The solution used is composed of about
200 grains of chloride of ammonium to the pint of water. The
battery has a resistance of from three to four ohms, but after a time
oxychloride of zinc becomes deposited on the zinc element, and in-
creases the resistance greatly—sometimes to as much as 30 or 40
ohms; it is, however, readily removed by placing it in water
acidulated with one-fiftieth of its weight of hydrochloric acid, or
by adding a minute quantity of acid to each cell. This battery has
no local action, and its durability is very great. Mr. De La Rue
has many of them in constant use, which have been at work for
more than three years, and if not worked they would probably last

•Fig. l.
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an indefinite time. Mr. De La Rue has now eleven thousand of
these elements at work at his laboratory in Charlotte Street, and
will shortly have fifteen thousand. The effects he obtains with this
magnificent battery are of course most striking; he obtains a spark
in the air between two terminals at a distance of six-tenths of an
inch, and with large charged condensers the explosions he obtains
are almost deafening.

By its means he has been able to successfully investigate many
questions connected with the length of the spark, the stratification
of the discharge in vacuum tubes, and other matters, and he has
communicated some of his results to the Royal Society in a paper
dated August 25th, 1877.

The first cost of this battery, if made of a size suited for tele-
graphic use, is of course considerable, but the cost of its use in the
long run is not so—the silver is almost all reduced during the life-
time of the battery, and may be completely reduced by putting the
waste elements into weak hydrochloric acid with a rod of zinc; the
residuum, which is metallic silver, is readily saleable to the metal-
wrights, or by solution in nitric acid and precipitation by common
salt may again be converted into chloride : the waste attendant on
this process is very small. Mr. De La Rue has found the loss of
silver in his own case to amount to only 1*38 per cent.

The merits of the chloride of silver battery were I think first
pointed out by Dr. O'Shaughnessy in a little work entitled " The
Electric Telegraph in British India," published in 1853 ; he there
speaks of it as invented by himself and not hitherto described, and
he appears to have employed it for telegraphic purposes.

The battery is also used in France for medical purposes. Dr.
De La Rue appears to have discovered the merits of the battery
quite independently, and it will be in the recollection of most of us
that he was kind enough to attend here in April, 1875, and explain
its construction and advantages. His remarks will be found in the
fourth volume of the Society's Proceedings, at page 202.

Whatever may be its merits when used for telegraphic purposes,
I am confident it will be found a valuable battery for testing-pur-
poses and for use on board ship; its great permanency, the con-
stancy of its electromotive force, the absence of all local action, and
the facility with which it may be constructed in a portable shape,
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are all recommendations, and it has the peculiarity that shaking or
striking it does not alter its electro-
motive force, or cause kicks, as they
are termed, an advantage which will
be at once appreciated by those who
have to test long cables. It does not
polarise when joined on short circuit.

The tests which Dr. Muirhead has
given in the table were taken by com-
paring all the cells in succession with
a particular cell chosen as a standard,
marked C, which is now on the table
before us. The results as given in the table represent the deflec-
tions produced on a Thomson's galvanometer having a resistance
of 5220 ohms by the respective cells when successively joined up
in opposition to the standard cell C.

31 ~1 • 437 Ohms

Fig. 2.

Fig. 3.

Those numbers which have no sign placed to them are negative.
The standard cell chosen was rather a strong one, and it will be
therefore observed that by far the larger number of cells are
negative, or have a smaller electromotive force than the standard.
The constant of the galvanometer or the hypothetical deflection
which it would give when joined up in short circuit with the cell
was equal to 346,730 divisions, and from this value it will be found
that the maximum difference between any two cells was in the first
tray -ĝ -th of the whole electromotive force, or 123 per thousand.
In the second tray -rfg-th or 84 per thousand, and in the third tray
•j'yth, or 213 per thousand. This degree of uniformity does not
compare at all favourably with that of the Clark's standard element,
which in careful hands never shows a variation exceeding one per
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thousand. In fact Dr. Muirhead, who has had occasion to prepare
many hundreds of these cells at different times, assures me that it
is extremely rare to find a difference of potential among any
number of them greater than .i0

1
00th part of the whole electro-

motive force and generally not more than •nrW'h'.
At the time I was making investigations on the standard cell

above alluded to I experimented on the chloride of silver battery,
using the chloride in the state of powder, but though it had obvious
merits it did not give such promising results as the sulphate of
mercury element, the desideratum at that time being simply to
obtain the most uniform standard of electromotive force without
reference to any other consideration whatever. It may possibly
turn out however that the chloride of silver cell, i£ not so precisely
uniform as the mercury element, may prove better adapted to the
practical requirements of telegraphists. It would have one con-
venient qualification for use as a standard, inasmuch as its electro-
motive force is practically one volt, or, to speak more correctly,
about 1-065 volt.

It is the intention of Dr. Muirhead and myself to make a further
investigation of the cell, and to ascertain how far and under what
conditions it is possible to obtain a more perfect uniformity of
electromotive force, and also to determine its exact value in
absolute measure, making at the same time a re-determination of
the value of the mercury element. The results will probably be
communicated to this Society, and should we be able to supersede
the mercury standard none would welcome the result more than
myself, for being, as we are, well supplied with practical standards
of electrical resistance and electrostatic capacity, we only require a
o-ood standard of electromotive force to make our system of
measurements complete.

I will take this opportunity of making a few remarks upon the
Clark's standard element. In June 1873 I communicated a paper
to the Royal Society " On a Standard Voltaic Element;" that paper
has never appeared in the Society's Journal,* but a short account of
the battery was given in a paper I read to this Society in January
1873, on the Measurement of Currents, which will be found in the

* Now printed, see p. 85.
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second volume of the Society's Proceedings, at p. 25. The battery
is formed of a paste of mercurous sulphate made by boiling the
sulphate in a saturated solution of zinc sulphate, mercury being
used as the negative element and pure zinc as the positive. As I
have before stated, its constancy or uniformity of electromotive
force is all that can be desired, and it has been found to remain in
good order for from fifteen months
to two years, but after that time the
paste dries and the force changes in
the form in which it has been hitherto
made. It is very liable to injury from
carriage owing to the loose mercury
in the bottom of the cell. Dr. Muir-
head at my suggestion is now pre-
paring these in a greatly improved
form. The mercury paste in a liquid
state is placed in a bottle by itself
and the mercury also. A test tube
with the platinum wire soldered in
a glass tube, and the zinc rod ce-
mented into a paraffin stopper, are
also packed separately. When the
battery is required for use, a portion
of the paste, previously warmed to
ensure saturation with sulphate of
zinc, is poured into the tube with a
little mercury, the whole is boiled
to expel the air, the stopper is in-
serted while yet warm, the paraffin
softening and insuring an air-tight
junction, and the whole is ready for
use.- It is well also to fuse a little
paraffin on the top of the paste.
When the cell is exhausted another
may be prepared in the same way.
By this means we obtain complete
portability, and the element is freshly Fig. 4.
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set up whenever it is required. Its electromotive force is 1-456
volts. The essential points to remember are that the solution should
be boiled for a long time to expel the air. A little free mercury
should be added, and if it gets mixed with the paste it does not
harm. Thorough saturation of sulphate of zinc is necessary, and
if crystals are deposited in cooling they do not matter. There should
be no acid reaction, and the protosulphate of mercury should be
quite free from persulphate, the presence of which would be
indicated by its turning yellow when wetted. The zinc and
mercury should be quite pure. The mercury precipitates on the
zinc in the form of a fine powder. It is not essential to use the
paste, as the saturated liquid poured off from it gives the same
electromotive force. With these precautions it is easy for anyone
to prepare the elements for himself; but I would remark that
although they have been usefully employed for testing purposes
they were originally designed only as a standard of electromotive
force.

If it turns out that this makes a good practical standard it will
have the advantage of being one volt, which is what is required.
We are already provided with- standards of resistance and electro-
static capacity, but we speak of electromotive force in terms
of the Daniell cell because we have no standard to which we can
readily refer.

Mr. LADD : I think, in justice to Mr. De La Eue, I should
notice an observation which has been made with reference to this
battery being made in Paris. Mr. De La Rue read a paper upon
it in Paris, and after that it was brought out and manufactured
there by M. Gaiffe; I think it is due to Mr. De La Rue to say
that.

Mr. H. Edmunds, Junior, then exhibited the action of Byrne's
u Pneumatic Battery."

Mr. W. H. PREECE : Mr. H. Edmunds, the agent for this battery,
has asked me to make a few remarks upon it, inasmuch as I have
been making some experiments with it. The battery itself is a
simple cell of platinum and zinc, excited by a mixture of 12 ounces
of bichromate of potash with one pint of sulphuric acid and five pints


